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CLAIMS 

[Claim(s) ] 
[Claim 1] 

The switching circuit characterized by having the control signal 
generation circuit which generates ON and the signal which carries out 
off control to timing which is different in two or more switching 
elements which are connected to input power and connected to 
juxtaposition through a load, and said two or more switching elements. 
[Claim 2] 

Said two or more switching elements are switching circuits according to 
claim 1 characterized by consisting of insulated-gate bipolar 
transistors (IGBT) . 
[Claim 3] 

Said two or more switching elements are switching circuits according to 
claim 1 characterized by ON and carrying out off control by time sharing 
by said control signal generation circuit output. 
[Claim 4] 

Said control signal generation circuit is a switching circuit according 
to claim 1 characterized by providing the signal distribution box which 
is prepared in the next step of a Pulse-Density-Modulation circuit and 
this Pulse-Density-Modulation circuit, and divides the output into two 
or more signals. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to a switching power supply circuit, an inverter 
circuit, and the switching circuit used further in a motor drive circuit 
etc. 
[0002] 

[Description of the Prior Art] 

The configuration of the conventional general switching circuit is taken 
to drawing 1 , a forward converter method DC to DC converter circuit is 
taken for an example, and it explains. It set to drawing 1 , and an 
input DC power supply and 2 are the transformers for electrical- 
potential-difference conversion, and 1 is equipped with the primary 
winding nl, the reset winding n2, and the secondary winding n3. 3 is ON 
and a switching element for carrying out off control, and, generally 
input power 1 consists of a bipolar transistor, an M0SFET, IGBT 
(Insulated Gate Bipolar Transistor), etc. Output diode and 7 show the 
inductor for output voltage smooth, and, in diode for 4 to pass a 
current to the reset winding of a transformer 2, and 5 and 6, 8 shows 
the capacitor for output voltage smooth, respectively. This inductor 7 
and capacitor 8 constitute a lowpass filter. 
[0003] 

9 is an PWM (Pulse Density Modulation) control circuit which forms the 
signal which controls ON of a switching element 3, and OFF, in order to 
detect output voltage Vout and to set this constant. The output of a 
sawtooth generator 10 and this oscillator 10 is considered as the 1st 
input Inl, and this PWM control circuit 9 consists of comparators 11 
which compare both height considering the output voltage Vout of this DC 
to DC converter as the 2nd input In2 so that it may illustrate. 
[0004] 

In a comparator 11, when the electrical potential difference of an input 
Inl is higher than an input In2, an output serves as "H" and a switching 
element 3 serves as ON. By ON / off actuation of a switching element 3, 
the electrical potential difference of the shape of a rectangle which 
makes ON time amount width of face is applied to the lowpass filter 



which consists of a secondary inductor 7 of a transformer 2, and a 
capacitor 8, and the average of the square wave electrical potential 
difference serves as direct-current output voltage. In addition, since 
it is not directly related to this invention, detailed explanation of 
the circuit of illustration as a DC to DC converter of operation is 
omitted. 
[0005] 

When loss of each component etc. is disregarded and an ideal condition 
is now considered in the circuit of drawing 1 , output voltage (Vout) is 
expressed with the following formula. 
[0006] 

Vout=VinxDxNn2/Nnl (1) 

Here, D is a ratio, ON of a switching element 3 / when off, and it is 
shown by D=Ton/ (Ton+Toff) . (Ton and Toff show ON of a round term of 
switching, and a "off" period. ) In Nnl, the number of turns of the 
primary winding nl of a transformer 2 and Nn2 show the number of turns 
of the secondary winding n2 of a transformer 2, and an electrical 
potential difference Vin shows the electrical potential difference Vdc 
of a power source 1 again. 
[0007] 

In this circuit, the average of the current which flows to an inductor 7 
serves as the output current. A degree type will be realized, if loss of 
a component etc. is disregarded and an ideal condition is considered. 
[0008] 

VinxIin=VoutxIout 

Here, Iin shows the input current average and lout shows the output 
current average. If this formula is inputted into (1) type, 
[0009] 

Iin=IoutxDxNn2/Nnl (2) 

It becomes. 

[0010] 

Moreover, the current which flows at the time of ON of a switching 
element 3 is equal to the input current average value Iin, this is set 
to Iqave, and, on the other hand, the ON state current which is not the 
average value of a switching element 3 is expressed with Iq. 
[0011] 

[Problem (s) to be Solved by the Invention] 

Although the above-mentioned formula is realized where [ ideal ] the 
power loss in a switching element 3 is disregarded, a switching element 
3 has in fact the voltage drop which is not "0" at the time of the ON. 
For example, the resistance component shown by Ron at the time of the ON 



when a switching element 3 is constituted from FET exists, and when 
constituted from IGBT, the saturation voltage shown by Vsat at the time 
of the ON exists. 
[0012] 

Drawing 2 B shows power consumption [ in / voltage waveform / in the 
point P of the circuit of drawing 1 when drawing 2 A constitutes a 
switching element 3 from IGBT / for a current wave form / in drawing 2 C 
/ the component 3 as a result of such an electrical potential difference 
and a current ] further. Since on resistance or saturation voltage 
exists by the actual switching element 3 even if it is the ON state so 
that it may illustrate, the loss power Pq exists in a component 3. 
[0013] 

A component 3 will be damaged, if this loss power Pq is large and 
exceeds the absolute maximum specification of a switching element 3. Or 
even if it does not exceed the maximum specification by any means, when 
service temperature is high, the life of a component 3 becomes 
remarkably short. Therefore, in order to obtain the switching circuit 
which is stabilized and has the high dependability which operates, 
especially the thing for which the absolute value of the loss power Pq 
in a switching element is lowered is required. 
[0014] 

Now, when the switching element 3 consists of MOSFETs, the cure which 
lowers the loss power per switching element can be considered by 
connecting two or more components 3 to juxtaposition, turning on each 
component in coincidence and carrying out an OFF drive. In this case, 
since the cause of the loss power of a component 3 is a resisted part, 
the loss power Pq per component decreases with such a cure. 
[0015] 

Since a resistance component increases on the contrary because the 
temperature of a component goes up even if the balance of a current 
flows for a bad specific component mostly between each component, when 
there is a forward property to temperature, therefore parallel 
connection of the switching element is carried out, a current stops 
being able to flow on the contrary easily, and a resisted part of MOSFET 
can balance a current between each component as a result. However, 
contrary to MOSFET, when a switching element 3 is IGBT, since saturation 
voltage Vsat has the negative property to temperature, if parallel 
connection of the bad component of balance is carried out, many currents 
will flow at a specific component and it will cause a thermal run away. 
Therefore, it was impossible to have carried out parallel connection of 
such a component. 



[0016] 

Therefore, it can apply, no matter switching elements may be what 
components, such as MOSFET and IGBT, and the switching circuit which can 
moreover reduce the loss power per such a switching element is called 
for. 
[0017] 

[Means for Solving the Problem] 

In order to solve the above-mentioned technical problem, the switching 
circuit of this invention is equipped with the control signal generation 
circuit which generates ON and the signal which carries out off control 
to timing which is different in two or more switching elements which are 
connected to input power and connected to juxtaposition through a load, 
and said two or more switching elements. 
[0018] 

To the timing from which each switching element differs in this 
switching circuit, since off control is carried out, even if the balance 
between each component is bad, many currents do not flow [ ON and ] for 
a specific component. Even if it is the component for which is followed, 
for example, the saturation voltage at the time of switching-on has a 
negative temperature property like IGBT, it becomes possible to reduce 
the loss power which carries out parallel connection and which is 
generated in one switching element. Therefore, it is stabilized and the 
switching circuit where the dependability which operates is high can be 
obtained. 
[0019] 

In addition, ON to different timing and off control include time sharing 
control. Moreover, such a control signal is generable with the signal 
distribution box which is prepared in the next step of a Pulse-Density- 
Modulation circuit and this Pulse-Density-Modulation circuit, and 
divides that output into two or more signals. 
[0020] 

[Embodiment of the Invention] 

Drawing 3 shows the circuitry of 1 operation gestalt of this invention. 
This circuit also shows the example which applied the switching circuit 
of this invention to the forward converter method DC to DC converter 
circuit as well as the conventional example of drawing 1 . Therefore, in 
drawing 3 , the component which has the same reference mark as drawing 1 
is the same, or a similar component is shown, and the duplicate 
explanation is omitted. 
[0021] 

As shown in drawing 3 , in this circuit, switching elements 31 and 32 



are connected to the terminal P of the primary winding nl of a 
transformer 2 at juxtaposition. A bipolar transistor, IGBT, MOSFET, or 
these can be mixed and used for these switching elements. Or the 
switching element of other structures may be used and it is not limited 
to especially the structure. 
[0022] 

In drawing 3 , 91 is a signal distribution box for dividing the output 
of the PWM control circuit 9 into two pieces, and consists of examples 
of illustration in a ring counter (RC) 92 and two AND circuits 93 and 94 
(AND1 and AND2). 
[0023] 

Below, actuation of this circuit is explained with reference to the wave 

form chart of drawing 4 . 

[0024] 

Drawing 4 A shows the output wave of the PWM control circuit 9, i. e. , 
the wave of an PWM pulse. A ring counter 92 is a counter at which 
outputs Rcoutl and Rcout2 repeat H/L by turns by the standup of the 
inputted PWM pulse. The output wave in the outputs Rcoutl and Rcout2 of 
a ring counter 92 is shown in drawing 4 B and drawing 4 C. 
[0025] 

The output of a ring counter 92 is separately inputted into AND circuit 
93 and AND circuit 94. The PWM pulse is introduced into the input of 
another side of these AND circuits 93 and 94. Therefore, as shown in 
drawing 4 D and E, the pulse signal which has a pulse twice the period 
of PWM generates the outputs SQ1 and SQ2 of each AND circuits 93 and 94 
to different timing. 
[0026] 

Therefore, by introducing signals SQ1 and SQ2 into the gate of switching 
elements 31 and 32, to different timing, it turns on and off control of 
these switching elements 31 and 32 comes to be carried out. Since the 
repeat period of the signals SQ1 and SQ2 which control components 31 and 
32 is twice the repeat period of an PWM pulse so that clearly from 
drawing 4 D and E, the "on" period of each switching element is 
shortened and its generating of loss power per switching element of the 
one part also decreases. 
[0027] 

Furthermore, it turns on to the timing from which each switching element 
differs, and since OFF control is carried out, even if these components 
are connected to juxtaposition to the power source, a current does not 
concentrate on a specific component. Even if it is the component for 
which is followed, for example, the saturation voltage at the time of 



switching-on has a negative temperature property like IGBT, connecting 

with juxtaposition is possible. 

[0028] 

Although the above-mentioned operation gestalt showed the example which 
connected the switching element to two-piece juxtaposition, of course, 
the parallel connection of two or more switching elements is possible. 
When parallel connection of the n switching elements is carried out, 
time sharing of the output of the PWM control circuit 9 is carried out 
to n pulses by forming n more AND circuits using what has the output of 
n pieces as a ring counter 92. Thus, it introduces into the gate of n 
switching elements, and it turns on and off control of the generated 
control signal is carried out. 
[0029] 

Moreover, with the operation gestalt shown in drawing 3 , although the 
signal distribution box 92 is realized by hardware, of course, software 
may realize this. 
[0030] 

[Effect of the Invention] 

As an operation gestalt is shown above and explained to it, while 
carrying out parallel connection of two or more switching elements to a 
load, to different timing, it is turning on and off control of each 
switching element is carried out in the switching circuit of this 
invention. Therefore, the power loss generated in the switching element 
per piece can be distributed by two or more switching elements, and 
moreover, like IGBT, even if the component property (it is saturation 
voltage in IGBT) leading to power loss is the component which has a 
negative temperature property, this can be used as a switching element. 
Therefore, the width of face of selection as a switching element can 
obtain a reliable switching circuit widely by this invention. 
[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the conventional switching circuit. 
[Drawing 2] The wave form chart for explanation of the circuit shown in 
drawing 1 of operation. 

[Drawing 3] Drawing showing the switching circuit of 1 operation gestalt 
of this invention. 

[Drawing 4] The wave form chart for explanation of the circuit shown in 
drawing 3 of operation. 
[Description of Notations] 

1 — Power source 

2 — Transformer 

3 — Switching element 



4, 5, 6 — Diode 

7 — Inductor 

8 — Capacitor 

9 — PWM control circuit 
31 32 — Switching element 

91 — Signal distribution box 

92 — Ring counter 

93 94 — AND circuit 
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